surveyed the prevalence of selected bacteria in wild birds using cloaca1 swabs obtained from birds visiting winter feeding stations in Wisconsin. They found that 217 of 387 (56%) swabs from 364 birds were negative and that infected Black-capped Chickadees (Parus altricapillus) suffered higher mortality rates during 12 weeks post-swabbing than did non-infected chickadees, but the differences in mortality rates were not significant. Our aim in this study was to survey the communities of bacteria found in the cloacae of adult and nestling Tree Swallows (Tachycineta bicolor), determine ifthere were familial patterns of prevalence, and determine if there were relationships between bacteria loads and nestling size when 12 days old and fledging success.
METHODS
In 1994, we studied the cloaca1 bacteria of Tree Swallows that nested in wooden nest boxes that are mounted on metal poles which are erected in grids in old fields on the campus of Grand Valley State University, Ottawa County, Michigan, USA (42"57' N, 85' 53' W).
Nestling swallows were measured and weighed on nestling day 12 (where the day the first egg in a clutch hatches is nestling day 1). On each nestling we measured the length of the left tarsus with an electronic digital caliper to the nearest 0.1 mm and left flattened wing chord to the nearest 1 mm with a ruler with a stop fixed to one end. Each nestling was weighed to the nearest 0.2 g with an Avinet spring scale. Each nestling was banded with a U.S. Fish&Wildlife Service numbered aluminum band.
To sample cloaca1 bacteria, adult swallows were captured at their nest boxes as they delivered food to their nestlings on nestling day 12. As part of another study, adult swallows were initially captured, measured and weighed during the egg-laying period at each nest. The sex of each captured swallow was determined by noting the presence of a well-developed brood patch in females or a cloaca1 protuberance in males. Each adult swallow was banded and given a unique color-mark on its breast, tail, throat, or wing feathers using waterproof marking pens and acrylic-paints to facilitate individual identification. Based on their iridescent bluegreen dorsal plumages, all of the breeding female Tree Swallows in our study were after second year (ASY) females (Hussell 1983 ).
Cloaca1 swabs were taken from adults and nestlings on nestling day 12. Cloaca1 swabs were obtained by inserting a sterile Dacron swab (5 mm long x 2 mm wide, DacrostikO MW 15 1) into the cloaca for 10 seconds. After removing the shaft, the swab was then transferred to 3 ml of sterile thioglycollate broth. Samples were held for 90 minutes at ambient temperature in the field and during transport to the laboratory and then held at 4°C until plated. Samples were plated within 5.5 hours of collection. Immediately before plating, sample tubes were vortexed for 10 seconds with the swab in the tube and then the swabs were removed. Dilution series were done in sterile thioglycollate broth. Samples were plated on a variety of growth media. Blood agar (BA) was used to make plate counts of anaerobic bacteria and to detect hemolysis. Blood infusion agar (BHI) was used to make plate counts of aerobic bacteria. Campylobacter (CAMP) was used to detect Campylobacter spp. Champan stone agar (CHAP) was used to detect Staphylococcus spp. Eosin methylene blue agar (EMB) was used to detect gram negative enter&; lactose fermentors are dark on these plates. MacConkey agar (MAK) was used to detect gram negative enter&, lactose fermentors are red on these plates. Tomato juice agar (TJA) was used to detect lactobacilli and other acidophilic microorganisms. Sabouraud dextrose agar (SAB) was used to detect fungi. Salmonella Shigella agar (SS) was used to detect Salmonella and Shigella spp. BA (5 percent sheep blood) and CAMP (containing five antimicrobes and 10 percent sheep blood) plates were obtained from commercial sources. Single plates were plated for 0.1 ml of the thioglycollate resuspension and for 0.1 ml of a 10-l dilution of all media except BHI with which a plate for 0.1 ml of a lo-* dilution was also made. All samples were incubated at 35°C for 24 hours. BA and CAMP plates were incubated in BBL@ GasPak iars under CO, conditions and microaerophilic conditions in BBL@ -CampyPak envelopes. SAB plates were incubated for an additional 24 hours. After incubation, colonies on plates were counted and the plates given the following scores; 0 = 0 colonies, 1 = l-10 colonies, 2 = 1 l-100 colonies, 3 = 10 l-l ,000 colonies, and 4 = more than 1 ,OO 1 colonies. Total plate scores were calculated as the sum of individual plate scores. The maximum possible total plate score was 36 (i.e., an individual plate score of 4 on each of 9 different media). It was not possible to plate each dilution in triplicate so to check the precision of plate scoring, 11 samples were plated in triplicate. The mean of the percent standard deviation for plates with 10 or more colonies was 11 percent and for all plates, 32 percent. Therefore, our plate scoring was precise.
Field blanks were collected by holding a sterile swab in the air for 10 seconds and then treating the swabs and plating the samples as previously described.
Data were analvsed usina SAS (SAS Institute 1985). Individual nestlings were treated as independent samples in the statistical analyses of the relationship between bacterial loads and size and weight because we assumed that nestlings varied genetically and because individuals are affected by the bacteria residing in their own bodies and not directly by the mean bacterial loads of their nest-mates.
RESULTS AND DISCUSSION
We surveyed the communities of cloaca1 bacteria from 11 adults (n = 6 females, n = 5 males, n = 5 mated pairs) and 22 nestlings (n = 4 broods). We isolated one or more types of bacteria from the cloacae of every Our results suggest that cloaca1 bacteria may be more prevalent in Tree Swallows than in Black-capped Chickadees. These differences may reflect differences in the feeding habits of swallows and chickadees. Tree Swallows feed almost exclusively on aerial insects and most likely acquire some of their intestinal, and consequently cloacal, bacteria from these food items. Parents then pass the bacteria residing in and on food items to their nestlings when they regurgitate food for them. In contrast, chickadees are omnivorous although they feed primarily on seeds during the winter when their Sample sizes were too small to statistically examine the relationships between bacterial loads and adult size.
Total plate score had a significant positive effect on nestling wing length, a significant negative effect on nestling weight, but no significant effect on nestling tarsus length (Fig. 1) . Bacterial loads of some types of bacteria were significantly correlated with nestling size on day 12 ( Table 2 ). Note that some bacterial loads were negatively correlated with nestling weights and left tarsus length, while others were positively correlated with wing length (Table 2) .
The relationships between bacteria and nestling growth are difficult to interpret for at least two reasons. First, because we did not identify bacteria to species. Second, ecological interactions between different species of bacteria may affect nestling growth. Plate scores for bacteria groups grown on all media except Staphylococcus spp. were significantly positively correlated with one or more other groups of bacteria. There were no negative correlations between any plate scores. Ecological interactions between different groups of symbiotic bacteria in wild birds deserve further study.
While A canonical discriminant analysis correctly paired nine of 10 (90%) mates based on both the identity and plate scores of their communities of cloaca1 bacteria. This pattern suggests that mates trade cloaca1 bacteria during copulation. The avian cloaca serves the dual functions of excretion and gamete transfer. Thus, bacteria may be horizontally transmitted from males to females during copulation because intestinal bacteria could become incorporated into an ejaculate (Sheldon 1993) . If bacteria and virus are easily transmitted from males to females during sex in birds, then sexually transmitted diseases may have a previously unconsidered role on the evolution of avian mating systems (cf. Sheldon 1993). search and Development Committee at Grand Valley State University. We thank M. C. Brittingham and two anonymous reviewers for their comments on a previous version of the manuscript.
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